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TABLE 1.-Duration of civil turilight. 
-0 reqahd for the sun to pass from the horison to a point 6' below or vice versa.] 

34 
34 
33 
32 
33 
31 
31 
30 
30 
31 
31 
32 
33 
34 
35 
36 
36 
38 
36 
36 
35 
34 
33 
35 
31 
31 
31 
30 
31 
31 
32 
32 
33 
34 
34 
31 I 

. . . . . . . . . . . . .  
I 

_____. 

35 
35 
35 

Data. 
I- 

36 ' 3 i  
36 3s 

I 3 7  3s 

11 ............. 
21 ............. 

Apr. 1 ............. 
11 ............. 
21 ............. 

b y  1 ............. 
11 ............. 
21 ............. 

Jm 1 ............. 
11 ............. 
21 ............. 

July 1 ............. 26 
11 ............. 36 

. 21 ............. 26 

34 
51 
24 
24 
25 
25 
25 
26 
26 
26 
26 

36 
36 
3 i  
3 i  
39 
40 
42 
44 
46 
47 
4S 
47 
46 
44 
43 
40 
39 
37 
36 
36 

Oot. 1 ............. 24 
11 ............. 24 
21 ............. i 24 

37 
3S 
3s 
39 
41 
42 
45 
47 
49 
51 
51 
51 
49 
4 i  
45 
42 
41 
39 
35 
33 

An& 1 ............. 
11 ............. 
21 ............. 

&pt. 1 ............. 
11 ............. 
21 ............. 

- 

26 
26 
26 
25 
25 
25 
25 
24 
24 
24 
25 
25 
55 
26 
26 
26 
27 
?i 
27 
26 
26 
26 
25 
25 
25 
24 
24 
24 
25 
25 
25 
26 
21; 
28 
26 
'27 
-. 

35 
2s 
25 
24 
24 
24 

.- 

28 
28 
'27 
27 
?6 
E6 
26 
2'6 
26 
26 
26 
26 
27 
27 
28 
2s 
28 
29 
28 
38 
28 
3 i  
27 
25 
?6 
26 
26 
26 
26 
26 
26 
5; 
3 i  
28 
2s 
?c; 
_- 

36 138 
3; 3'4 

40 , 41 
1'J I 1" 
3s ! ail 

- 
29 
29 
28 
28 
27 
37 
!2i 
? i  
27 
97 
2 i  
27 
2R 
28 
29 
29 
30 
30 
30 
29 
29 
28 
28 
37 
27 
?7 
2 i  
27 
27 
27 
2; 
25 
?S 
2Y 
29 
2'3 

40 
41 
43 

4.l 
45 

31 
30 
30 
29 
29 
2s 
2s 
"b 
5s 
2s 
2s 
29 
29 
30 
31 
31 
32 
33 
32 
31 
31 
30 
?9 
29 
2s 
28 
3s 
2s 
28 
25 
29 
?!4 
3IJ 
30 
31 
31 
_. 

Nov. 1 ............. 
11 ............. 
21 ............. 

Da. 1 ............. 
11 ............. 

Miuutes of time. 

25 
25 
26 
26 
26 

- 
31 
31 
30 
30 
30 
29 
2s 
"8 
2.5 
59 
20 
29 
30 
31 
32 
32 
3' 
33 
32 
32 
32 
31 
30 
29 
29 
29 
28 
28 
28 
29 
29 
30 
3u 
31 
31 
31 
- 

*o.  0 
-0.R 
-1.1 
-4.0 
-4.8 
-5.2 
-6.3 

- 
32 
32 
31 
31 
30 
29 
29 
29 
29 
29 
'30 
30 
31 
32 
32 
33 
3.1 
31 
34 
33 
33 
33 
31 
30 
30 
29 
29 
29 
29 
29 
30 
31 
31 
32 
8" 
33 
- 

142 
8 2 0  

2 1.6 
80.4 
: 0.12 
8 0.01 

- 
35 
35 
31 
33 
33 
32 
32 
31 
31 
35 
32 
33 
34 
35 
36 
37 
3s 
3s 
38 
37 
36 
35 
34 
33 
32 
32 
31 
31 
33 
32 
33 
31 
31 
35 
35 
36 
- 

- 
35 
36 
35 
31 
34 
33 
33 
32 
32 
33 
33 
34 
35 
36 
38 
39 
39 
39 
39 
39 
38 
36 
35 
34 
33 
32 
32 
32 
33 
33 
34 
3.5 
35 
36 
37 
3 i  
.- 

- 
38 
3s 
37 
36 
35 
34 
31 
34 
33 
34 
34 
35 
37 
38 
40 
41 
19 
42 
42 
41 
M 
38 
37 
35 
34 
34 
33 
34 
34 
34 
35 
36 
37 
38 
38 
3Y 

- 
40 
39 
3s 
37 
36 
35 
3.5 
35 
35 
35 
36 
37 
38 
40 
41 
e 
44 
44 
44 
43 
41 

3s 
3 i  
36 
35 
35 

40 

In Table 2 are given phot.onietric measurenimts t.h. 
intensity of twilight with the sun at tliflerent. distances 
from the horizon, made by Mr. A. H. Thiewen at Salt, Lnktl 
City, Utah. Thev are in accord with hIouiit. Wentlirr 
observations published in this REVIEW, Deccmhr 1914.. 
42:652, and show that 011 clear days with the ::un li' 
below the horizon the twilight is less than 1 per cent, as 
intense as it  is ininiediately after sunset: or, thn illuiiiina- 
tion is approsimately that produced by a stmitltwcl cnndle 
at a distance of 3 feet, namely, 0.1 foot-candle, a2 con:- 
pared with 10,000 foot-candles at  noon on a. bright surii- 
mer day. h d  yet, on November 6, 1913, I was able t.0 
read a graduated circle to tenths of clegrees until the sui1 
was nearly 7" below the horizon, by holding the instni- 
ment normal t.0 the bright western sky. 
TABLE 3.--I'hotoinrlric ? i i f ~ ~ ~ f L , . ~ . ~ i i ~ t i ~ s  of biy l iy l i t  and twilight illiini inu- 

tion at Salt Lakc City, l h h .  oti 11 sici-jiice nonnal alteriiutcly ti) the zenith 
and the weslmn horizon Dec. 15. l Y 1 . L 1  

I Sun's- ' I 
Illurnha- 

tion. 

T h e  of observed sunset .............................. 

Computed time center of sun's disk nzls on tnie hori- 
m, disregarding atmospheric refraction. .......... 

1 25 

4 37 
4 4 1  
4 44 
5 01 
5 06 
5 12 
6 14 

1 Dec 15 1914 
above ihe h e ; .  

:Photometric surface normal to zenlth. 

Sunset c l w  behind Oquirrh Mountsins, which are about 2,000 le& 
Photometrid surface normal to western horizon. 

A LUNAR HALb OF JbLY 24, 1861. 

Mr. William B. Frew, now 87 years of age and for many 
years our cooperative observer at Aledo, Ill., sends the 
accom anyin0 old sketch, by himself, of an interesting 
case o!lunar%alos and paraselena which he observed in 
Mercer County, Ill., on July 24, 1861. He states: 

The moon swnicd to bP dviu:: hi11 light. The circles were plainly 
msrked and tlis "mocl:s" liad about hdf the brilliancy of the moon. 
Tlir parawlem were very Iiriglit.. H >ecially within the interior ring. 
The cross of lizht. iienr the moon l i d  about half the li ht of the moon 
3rd graduslly decreaeed t.onard the circumference of %e Circle. The 
1nirt.r c.iri.lv was too iiesr the horizon to prescnt another intersection 
1>c4o\v. 

At. about 11 o'clock t.he nest. day [July 35, 181311 parhelia of precisely 
the mme form, though not quiresobrilliant, mere observed. I recollect 
the whole scrne m one of the most beautiful I ever saw in that line. 

/h 

FIG. l.-Lmr halos observed and sketched in Mercer County, Ill., July 24,1861 
(W. B. Frew). 

Mr. Frew's old sketch is faithfully reproduced here in 
figure 1, just as he furnished it. To the miter it seems 
probable that the four fragmental curves 7,-k"' were 
actually the extraordinary tangential arcs to the 22O- 
halo, and that the cume X-.' of this 
continuous through the arc b as 
this interpretation, the arc h 
zenithal arc and b with its 
vertical paraselena of 48". 
ment of an arc indicated to 
of the 46O-halo. 

"he lunar cross rim is of course com osed of a part of 
the paraselenic circle, m, and a lunar p' f lar, u, of Bravais' 
"second class." 

Unfortunate1 , the absence of all instrumental meas- 
urements pea, 9 y detracts froiii the value of the record. 

Soniewhat similar lunar halos and crosses observed 
in North Dakota and in Pennsylvania during February, 
1894, will be found described hi this REVIEW, February, 
1894, 22:76.-c. A., jr. 


